ABSTRACT: A retrospective study of neonatal seizures in a tertiary care neonatal intensive care unit determined a 3.2% incidence, and confirmed the relatively poor efficacy of the traditional anticonvulsants phenobarbital and phenytoin. Only 33% responded to an initial adequate loading dose of phenobarbital, while 56% responded to either or both anticonvulsants. Although multifocal clonic seizures were most common (42%), tonic seizures were next in freqency (30%). Tonic seizures which did not respond to phenobarbital responded quite poorly to the addition of phenytoin compared to other seizure types. Tonic seizures may be the result of brainstem release phenomena and require a different strategy for management. Among nonresponders in this study, there was a 56% mortality rate but only 33% of responders died. There is a critical need for studies to find more efficacious agents than phenobarbital and phenytoin to treat seizures in the newborn. RESUME: L'efficacite de phenobarbital contre des convulsions neo-natales Nous avons etudie retrospectivement des convulsions neo-natales chez un centre de soins tertiaires neo-natales. On a verifie la relativement mauvaise efficacite des anticonvulsivants traditionnels, le phenobarbital et la pheytoi'ne. Seulement 33 pour cent des temoins ont reagi au dosage initial suffisant de phenobarbital, tandis que 56 pour cent ont reagis a l'une ou a les deux anticonvulsivants. Bien que des convulsions cloniques multifocals etaient les plus frequentes (42%), des convulsions toniques se trouverent les prochaines en frequence (30%). Les convulsions toniques en contraste avec les autres types de convulsions, n'ont pas reagi au phenobarbital et ont egalement reagi tres peu en ajoutant la phenytoi'ne. Des convulsions toniques peuvent etre le resultat d'un phenomene de liberation du tronc cerebral, n^cessitant une autre approche differente de traitement. Parmi les enfants qui n'ont pas reagi dans cette etude, il y avait un taux de mortality de 56 pour cent, cependant seulement 33 pour cent de ceux qui ont reagi sont decides. II y existe un besoin d'6tudes supplementaires pour retrouver d'autres drogues plus efficaces que le phenobarbital et la phenytoine pour traiter des convulsions chez le nouveau-ne.
"
5 Follow-up studies of infants who had neonatal seizures indicate that whereas 50% develop normally, 30% are neurologically abnormal and 20% die. 6 
8 Among survivors, recurrent seizures starting in later infancy or childhood occur in 17-25%. 6 ' 9 Analysis of risk factors recognized in the perinatal period shows the presence of neonatal seizures to be one of the most potent predictors of severe neurological handicap.'• "
A recent survey confirmed phenobarbital to be the preferred initial drug in the treatment of neonatal seizures for all neonatologist respondents and for 96% of paediatric neurologists. 12 Published studies reporting the efficacy of phenobarbital have yielded widely conflicting results. Painter et al 13, M found only 36% of neonates with seizures responded to phenobarbital alone and Lockman et al controlled seizure activity with phenobarbital alone in 32% of neonates. 15 However, since Gal et al reported that seizure control was achieved with phenobarbital monotherapy in 85% of neonates, 16 we were spurred to examine our own experience with neonatal seizures retrospectively to attempt to determine the efficacy of phenobarbital.
MATERIALS AND METHODS
One hundred forty two neonates with seizures admitted to a single tertiary care neonatal intensive care unit (NICU) during the years 1977 to 1983 were included in this review. Hospital records were reviewed to verify the diagnosis of seizures and to ascertain the single most likely cause. These decisions were usually made at the time of the seizures by a consulting paediatric neurologist and were usually based on the clinical features. Ictal EEG correlation was not always obtained.
Infants were included in the review if there was a firm clinical diagnosis of seizures with onset in the first 28 days of life, and an adequate loading dose of anticonvulsant was used. Eighty eight infants met the criteria for inclusion. Of the 88 patients included, 34 received a single intravenous bolus of 15 mg/kg or more of either phenobarbital or phenytoin. The remaining 50 infants received 15 mg/kg or more of either anticonvulsant in multiple smaller intravenous doses within the first 24 hours of the initial dose. Patients were excluded if there was uncertainty about the diagnosis of neonatal seizures oran inadequate loading dose of anticonvulsant given. Four infants with proved infectious disease and five with metabolic disorders causing seizures were excluded. Data regarding sex, gestational age, birth weight, Apgar scores (I and 5 minutes), and single most probable aetiology were reviewed. We utilized Voipe's classification of subtle, generalized tonic, multifocal clonic, focal clonic and myoclonic neonatal seizures. 8 The time of seizure onset, seizure frequency and duration of seizure activity before control were noted. The anticonvulsant used and dosages administered (loading and maintenance), and response to anticonvulsants were reviewed. A responder (R) was identified as an infant who ceased all seizure activity within 2 hours of receiving the adequate loading dose of the anticonvulsant(s). A partial response to anticonvulsant could not be assessed reliably because of the retrospective nature of the study. RESULTS 3.2% of all infants admitted to the NICU in the 7 year study period had seizures in the neonatal period. The study population (n = 88) was characterized by a mean gestational age of 35 ±5.7 weeks. The mean birth weight was 2540 ± 1120 grams. The one minute Apgar score was 3.4 ± 2.4, and the five minute Apgar score was 5.7 ± 2.5.
The most common aetiology of the seizures was hypoxiaischaemia, in 60%. Intracranial haemorrhage was present in 34%, and cerebral dysgenesis in 5%. The aetiology remained unknown in 1%. There was no significant difference between responders and nonresponders in aetiology. (Figure 1 ).
The most common type of seizure noted was multifocal clonic in 42%. Tonic seizures were next most common, occurring in 30% of the infants. We had only 15% with subtle seizures, and 12% had the focal clonic type. One infant had myoclonic seizures. 81 infants (92%) received an initial loading dose of phenobarbital and 7 received phenytoin as the initial anticonvulsant. 40 infants (56%) responded to either or both of the anticonvulsants. Of all patients receiving an adequate loading dose of phenobarbital (n = 81), only 27 (33%) of these neonates were controlled. ( Figure  2 ).
On comparison of the responders and nonresponders, no significant differences were identified in sex ratio, gestational age, birth weight, 1 and 5 minute Apgar scores (Table 1) , or the mean loading dose of the anticonvulsant used ( Figure 3) . Comparison of the infants who received one single large bolus of anticonvulsant with those who reached the same criterion dose of 15 mg/kg or more after two or more doses in the first 24 hours after the initial dose, revealed no difference in response rate. 50% of those who received the single bolus and 60% of the infants who received multiple smaller doses responded. There was a significant difference in mortality with a rate of 33% among responders and 56% among nonresponders (p <0.05) (Figure 4 ). There was no significant difference in the frequency of seizure types between the group responding to anticonvulsants and the nonresponders. When tonic seizures were compared to all other seizure types, the response of tonic seizures to anticonvulsants was quite poor. In those patients who did not respond to an adequate loading dose of phenobarbital initially, control of seizure activity was more likely to be achieved with the addition of phenytoin in patients having seizure types other than tonic (0.1 >p >0.05) ( Figure 5 ).
When the time of seizure onset was reviewed, 43 neonates (49%) had seizure onset in the first 24 hours of life and 45 (51%) had onset of seizures later. In comparing the group with onset in the first 24 hours to the later onset group, no significant difference was noted in the frequency of asphyxia or congenital malformation. The early onset group did have significantly less intracerebral haemorrhage than the group with onset after 24 hours (p <0.05). Seizures with onset in the first 24 hours tended to respond to anticonvulsants better than those starting later. The difference reached significance at the 10% level only among those not responding to phenobarbital. Among those infants with seizure onset in the first day of life, who failed to respond to phenobarbital (n = 24), 13 (54%) responded to the addition of phenytoin, whereas among those with later onset of seizures who also had failed to respond to phenobarbital (n = 20), only 5 (25%) responded to the addition of phenytoin (0.01 >p >0.05) ( Figure 6 ).
DISCUSSION
The role of neonatal seizures in aggravating pre-existing central nervous system injury remains unresolved.
4, I7, l8
Bergman et al, in assessing the outcome of neonates with seizures, noted that many days of neonatal seizures and increased number of anticonvulsants used were significant factors associated with a poor outcome.' In this study we find that continuing seizure activity is the only apparent difference between the responder and nonresponder groups accounting for the high mortality seen in the nonresponders. However, features such as the presence or absence of neurological signs before seizure onset, the associated systemic disturbances and EEG data were not uniformly available for analysis. It is possible that more severe insults were present in the nonresponders group even though there were no significant differences in gestational age, 1 and 5 minute Apgar scores, or in aetiologies of the underlying disorders between responders and nonresponders. Studies in the immature animal model have demonstrated adverse effects of ongoing seizure activity in the developing nervous system. I0, 20 " 24 In the human neonate, many of the pathophysiologic mechanisms described in the animal with induced convulsions are operative. Ictal systemic hypertension and increased cerebral blood flow velocity have been demonstrated. 25 Impaired autoregulation of cerebral blood flow with seizures has also been demonstrated. 26 These changes have been demonstrated even in the absence of convulsive motor activity, as in the paralyzed infant. 27 When such derangements occur with diminutions of transcutaneous Pa0 2 , 2 8 the immature central nervous system may well be at risk for additional irreversible injury. 28 We found particular difficulty in controlling tonic seizures. The infants with tonic seizures included in this study did not have massive intraventricular haemorrhage and could not be considered as examples of decerebration secondary to central transtentorial herniation. Only 23% of tonic seizures not responding to phenobarbital subsequently responded to phenytoin, whereas 48% of other seizure types did, suggesting that tonic seizures are caused by mechanisms different than other seizure types. Kellaway and Hrachovy found no EEG seizure activity in 85% of their infants with tonic seizures, and felt these represented "brainstem release" phenomena, consequent to depression of forebrain inhibitory influences. 29 Unfortunately the convulsive activity in the 15% with tonic seizures and simultaneous EEG seizure activity was usually indistinguishable from the tonic seizures without EEG changes. We do not know whether tonic seizures resulting from such brainstem release phenomena may still produce the same deleterious cardiac and respiratory effects on the infant as tonic seizures with EEG seizure activity.
At present, phenobarbital is considered the first drug in treating neonatal seizures' 2 I3 " M Surprisingly, Gal et al reported satisfactory seizure control in 85% of neonates using phenobarbital monotherapy. 16 They utilized an initial loading dose of 15 mg/kg followed by additional doses of 5 to 10 mg/kg every 5 to 10 minutes, to a maximum of 40 mg/kg, when seizures did not stop. The use of loading doses of 40 mg/kg of phenobarbital can be expected to achieve serum levels beyond 50 |i.g/mL in a significant number of neonates. The effects of such a level on the neonatal circulation is not clear, though an invariable cardiac deceleration to rates below 100 per minute accompanied by a decrease in beat to beat variability was reported by S venningsen et al. 30 Cardiac deceleration in the neonate is not accompanied by increased stroke volume and may produce decreased cardiac output and compromised cerebral perfusion.
In this retrospective study we could not assess the possibility of "partial" response to anticonvulsants. We report a complete response rate of phenobarbital alone in only 33% of the neonates. This is certainly consistent with the efficacy noted by Painter et al and Lockman et al. 13 " 15 Correlation of plasma phenobarbital levels with seizure control was not possible in this retrospective review. However, no infant in the study population received an intravenous loading dose of less than 15 mg/kg and the mean loading dose among the nonresponders was 22.7 mg/kg, a dosage capable of achieving plasma phenobarbital levels well above the reported minimum therapeutic level within two hours of administration. 31 Despite Gal et al's results 16 we, like others, find that phenobarbital, the usual first anticonvulsant utilized, will not be efficacious in the majority of cases of neonatal seizures. Studies to find alternative agents with greater efficacy have been reported. Gamstorp and Sedin 32 reported on 8 term infants treated with continuous intravenous infusion of diazepam. 32 Seizures stopped in all 8 subjects and did not return after discontinuation of the infusion. This leads us to speculate that lorazepam may be a more efficacious drug in neonatal seizures. Lorazepam has been found in children and adults with status epilepticus to have onset of action within fifteen minutes, and a prolonged duration of action after a single dose. 33 Moreover, it has been suggested that the benzodiazepines should be evaluated as the initial agent, not as the third anticonvulsant after phenobarbital and phenytoin, since phenytoin may have an adverse effect on the benzodiazepine receptors. 34 A recent report on the use of oral primidone in the treatment of neonatal seizures unresponsive to phenobarbital and phenytoin has shown seizure control within 48 hours of initiating therapy. 35 We believe that efforts to find and assess newer anticonvulsants which may have greater efficacy than phenobarbital and phenytoin in neonates with seizures should continue. We are presently planning a prospective trial with lorazepam.
